Ha-ras oncogene-induced transcription of human papillomavirus type 18 E6 and E7 oncogenes.
Human papillomavirus (HPV) DNA sequences are found in most carcinomas originating from the uterine cervix. HPV E6 and E7 oncogenes have been shown to cooperate with ras oncogenes to fully transform human epithelial cells. We investigated the effect of the Ha-ras oncogene on the transcriptional activity of HPV-18 and found that it induced the transcriptional activity of the viral promoter, whereas the normal gene had only a minimal effect. However, transfection of the normal Ha-ras gene and simultaneous inhibition of protein phosphatase sensitive to okadaic acid (OA) resulted in a cooperative transactivation of the viral promoter. When cloned upstream of a minimal promoter, the AP-1 binding sites present in the viral promoter conferred transcriptional responsiveness to Ha-ras and OA. Furthermore, HeLa cell clones permanently expressing the Ha-ras oncogene or high levels of the normal gene exhibited a twofold to threefold increase in E6*E7/E1 and E6*E7 transcripts. We propose that both Ha-ras and a protein phosphatase sensitive to OA regulate HPV oncogene expression through modulation of AP-1 activity and suggest that increased levels of E6 and E7, resulting from activated viral transcription in the presence of ras oncogenes, may in part explain the observed cooperation between these viral and cellular oncogenes in the transformation of human cells.